Many studies have provided strong evidence of a fundamental and complex role for sleep disturbances in adult posttraumatic stress disorder (PTSD). Investigations of adult PTSD using subjective and objective measures document sleep architecture abnormalities and high prevalence of sleep disordered breathing, periodic limb movement disorder, nightmares, and insomnia. PTSD treatment methods do appear to signifi cantly improve sleep disturbance, and also studies suggest that treatments for sleep disorders often result in improvements in PTSD symptoms. Further, the most recent evidence suggests sleep abnormalities may precede the development of PTSD. Given the importance of sleep disorders to the onset, course, and treatment of adult PTSD, examination of sleep disturbances far earlier in the life course is imperative. Here we review the literature on what we know about sleep disturbances and disorders in pediatric PTSD. Our review indicates that the extant, empirical data examining sleep disturbance and disorders in pediatric PTSD is limited. Yet, this literature suggests there are signifi cantly higher reports of sleep disturbances and nightmares in children and adolescents exposed to trauma and/or diagnosed with PTSD than in non-trauma-exposed samples. Sleep questionnaires are predominantly employed to assess sleep disorders in pediatric PTSD, with few studies utilizing objective measures. Given the important, complex relationship being uncovered between adult PTSD and sleep, this review calls for further research of sleep in children with PTSD using more specifi c subjective measures and also objective measures, such as polysomnography and eventually treatment trial studies. 
T raditionally, sleep disorders have been understood as a secondary symptom of posttraumatic stress disorder (PTSD). Further, it was presumed that treatment of the overarching PTSD disorder would eliminate these sleep disturbances. 1 Studies now suggest that sleep disturbances, including insomnia, nightmares, sleep disordered breathing (SDB), and periodic limb movement (PLM), play a central, complex role in PTSD with accompanying diagnostic, treatment, and neurobiological implications. However, far more empirical data exist on the prevalence and nature of sleep disturbances in adults diagnosed with PTSD than in youth diagnosed with PTSD.
Significance of Sleep Disorders to PTSD: Summary of Evidence From Adult Studies
Sleep disturbances are a frequent occurrence in adults with PTSD, with one study fi nding 70% to 91% of PTSD patients have sleep disturbances. 2 In a comparison to healthy controls, patients with PTSD report much higher initial, middle, and terminal insomnia.
3, 4 Ohayon and Shapiro found that 18.8% of patients with PTSD reported nightmares, as opposed to their non-patient comparison group, in which only 4.2% reported nightmares. 4 SDB and PLM are sleep disorders that have also been frequently observed among PSTD patients. Sleep architecture profi les also appear different in patients with PTSD (for review see Kobayashi 5 ). Further, after a trauma, individuals who would develop PTSD experienced shorter, more frequent REM sleep periods, which were associated with both insomnia and PTSD severity. 6, 7 Similarly, a prospective investigation of car accident victims revealed that severity of sleep complaints 1 month after the accident was signifi cantly associated with the subsequent development of PTSD a year after the accident. 8 The culminating evidence from investigations of adults with PTSD suggests that not only are specifi c sleep disorders and specifi c sleep architecture profi les more prevalent in PTSD, they may also precede and/or predict the development and severity of PTSD. [6] [7] [8] [9] [10] [11] [12] Further evidence of the important yet complex relationship between sleep disturbances and adult PTSD stems from treatment results for both disorders. 13 Evidence suggests that although PTSD-focused treatment may lead to some improvement in co-occurring sleep disorders, it does not lead to complete remission of the sleep disorder and may also leave patients vulnerable to recurrence of PTSD symptoms. 14, 15 These fi ndings highlight the intrinsic severity of sleep problems, or alternatively, our gap in knowledge in identifying targets for sleep treatments. They also challenge the notion that sleep disorders in PTSD are merely secondary symptoms best treated by treatment of the overarching disorder.
Sleep Disturbance in
The utilization of specifi c treatments for sleep disturbances that accompany PTSD appears to lead to signifi cant improve-ments in both sleep disturbances and global PTSD symptoms. 13, [16] [17] [18] [19] For example, the use of the drug prazosin to treat sleep disturbances significantly improved nightmare severity, insomnia, and also other PTSD symptom clusters such as reexperiencing and hyperarousal (measured by the ClinicianAdministered PTSD Scale) in comparison to controls. 20 In a placebo-controlled trial, Germain et al. found that treatment of sleep disturbances with prazosin or cognitive behavioral therapy (CBT) improved sleep disturbances and daytime PTSD symptoms in a sample of veterans (n = 50). 21 Ulmer et al. found that the use of CBT for insomnia and imagery rehearsal therapy for nightmares significantly reduced insomnia and global PTSD symptoms. 22 Similarly, treatment of SDB with continuous positive airway pressure has been found to reduce nightmares and improve overall PTSD symptoms. 17, 23 Given that poor sleep quality is associated with increased stress and anxiety, perhaps sleep treatments are successful in reducing global symptoms of PTSD because improvements in sleep quality result in improved resilience to new stressors and, in turn, reduced stress and anxiety. Taken together, these studies indicate the importance of targeting sleep disturbances to successfully treat PTSD and further suggest a fundamental role of sleep dysregulation in the maintenance of PTSD. [16] [17] [18] [19] [20] [21] [22] [23] [24] In sum, the literature from adult studies of PTSD suggest that (a) sleep disturbances, particularly nightmares, are frequent symptoms of PTSD; (b) sleep disturbances often occur following a trauma prior to PTSD onset and may confer increased vulnerability for development of PTSD; (c) sleep disturbances predict global PTSD symptom severity; (d) sleep disturbances are often a residual symptom following treatment of PTSD; and (e) treatment of sleep disorders yields strong improvement in PTSD symptoms. Given the importance of sleep disorders to the onset, course, and treatment of adult PTSD, examination of sleep disturbances far earlier in the life course is imperative. Sleep disturbances may serve as a critical biomarker for the development of pediatric PTSD. Indeed, sleep disturbances in childhood may increase the vulnerability for developing PTSD at any stage of the lifespan. At least, identification of the types of sleep disturbances and/or sleep disorders that occur in pediatric PTSD can provide key therapeutic targets, as most sleep disorders have available treatments. By normalizing sleep patterns, such treatments may in turn alleviate the symptoms of PTSD. Here we summarize the main findings on sleep in pediatric PTSD.
Pediatric PTSD and Sleep Disorders
Currently, our knowledge about the fundamental sleep disorders, sleep dysregulation, and sleep architecture abnormalities that occur in children with PTSD is limited. Few studies have investigated the prevalence of pediatric PTSD. One investigation by Kilpatrick et al. found that 3.7% of males and 6.3% of females in a nationally representative sample of 4,023 children aged 12 to 17 years met DSM-IV diagnostic criteria for PTSD. 25, 26 However, studies specifically examining children exposed to trauma reveal much higher rates of PTSD. For example, in a Pynoos et al. study of 159 child witnesses of a sniper attack, 60.4% were diagnosed with PTSD. 27 In children exposed to trauma, PTSD may be very prevalent and underestimated.
Sleep Disturbances in Pediatric PTSD: Evidence from Subjective Measures
To date, the most extensively used methods for measuring sleep disturbances in children with PTSD are self-report questionnaires, parent-report questionnaires, and clinical interviews. Many studies use the Child Post-Traumatic Stress Reaction Index (CPTSD-RI), a self-report questionnaire that assesses for nightmares and sleep disturbances, along with other PTSD symptoms.
In children exposed to trauma, the frequency of sleep disturbances as measured by self-report or parent-report is higher than in non-trauma exposed populations of children (see Tables 1 and 2 ; for additional review see Charuvastra and Cloitre 28 ). Noll et al. examined sleep in 78 sexually abused children and 68 control comparison children using 6 self-report questions that asked about trouble falling asleep, staying asleep, middle of the night awakenings, nightmares, and feeling rested. 29 The subjects were 6 to 16 years at the time of abuse, and the mean age for the participants at the time of the study was 20.41 (SD = 3.38). The results revealed significantly more sleep disturbances, including insomnia and nightmares, in the sexually abused group and more instances of PTSD in the sexually abused group.
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Children exposed to war trauma and/or violence often have sleep disturbances.
27,30-37 Thabet et al. examined 403 children aged 9-15 years living in refugee camps and found that 20.3% reported sleep disturbances "sometimes" and 31.6% reported sleep trouble "mostly, most of the time." 31 Similar rates of sleep disturbance were found among 311 Middle East refugee children aged 3-15 years. Specifically, sleep symptoms, such as nightmares and difficulties falling and staying asleep, were reported as "frequent" by nearly 20% of the children's parents.
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Following a playground sniper attack in Los Angeles, Pynoos et al. found that 77.1% of children on the playground reported sleep disturbances one month following the trauma. 27 Nineteen children who were on the playground were followed longitudinally. At 14-month follow-up, 57.9% of this sample still reported sleep disturbances. 33 A sample of 120 preadolescent Kuwaiti boys and girls (9-12 years old) who were initially assessed for exposure to war-related trauma during the Iraqi occupation and Gulf war of 1990 were reassessed for general health and sleep, using the Pittsburgh Sleep Quality Index (PSQI), approximately 10 years later. Findings showed direct effects between exposure to war related trauma and sleep difficulties, even after controlling for stressful life events experienced in the interim. 34 A national phone survey of adults (N = 560) administered within 5 days of the 9/11 terrorist attacks in New York City attacks found 10% reporting that their children were experiencing difficulty falling or staying sleeping. 35 Approximately one-fifth of residents living close to the World Trade Center, including children and adolescents, suffered symptoms of PTSD. 36 A longitudinal study of preschoolers (N = 116) who were exposed to the World Trade Center attacks found that three years following the exposure, children who were exposed to "highintensity" events of the attacks (e.g., witnessing the towers collapse, injured people, dead bodies, or people jumping out of the building) were approximately 5 times more likely to have sleep problems (assessed using the Child Behavior Checklist or CBCL) than those who had not been exposed to high-intensity events. 37 Furthermore, a dose-response relationship was found, such that the greater the number of high-intensity events a child was exposed to, the greater the risk for sleep problems.
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Studies with children who experienced natural disasters similarly reveal associated sleep disturbance. [38] [39] [40] After a typhoon in South Korea, 13% of a local sample of elementary school children (N = 261) experienced sleep disturbances. 38 Following a lightning strike during a children's soccer game, 17% of exposed children (N = 29) experienced difficulty falling asleep and 21% had restless sleep. 39 In an important recent longitudinal investigation, Brown et al. assessed sleep disturbance and fear of sleeping using the Revised Child Anxiety and Depression Scales in a sample of 202 children (aged 8 to 15 years) 24 months after they experienced trauma from Hurricane Katrina. 40 Severity of sleep disturbance was associated with severity of PTS (post traumatic stress) symptoms. In addition, the presence of sleep disturbances 24 months after the hurricane was positively associated with the severity of PTS symptoms 30 months after the hurricane. In their analysis the authors controlled for age, sex, and severity of PTS symptoms at 24 months. 40 Severely traumatic events have been shown to have both an immediate and long-term adverse impact on sleep in exposed youth. Findings further suggest that sleep disturbance after a trauma may serve as biomarker for subsequent PTSD in children, 40 consistent with findings from the adult investigations discussed earlier. [6] [7] [8] [9] [10] [11] [12] In both adult and child PTSD samples, self-reported nightmares also appear to play a role and may contribute to sleep disturbance in this disorder. According to the DSM IV, three of the main symptomatic groups for PTSD after exposure to a trauma are re-experiencing trauma symptoms, avoidance symptoms, and hyperarousal symptoms. Many nightmares experienced by PTSD patients are re-enactments of the trauma and thus account for the first DSM-IV PTSD symptomatic group.
26
Many studies find nightmares occur in about 10% to 20% of the general pediatric population ( Table 1 ). In addition, younger children tend to have more nightmares than adolescents ( Table 1) . In pediatric PTSD and trauma-exposed populations, parent-report, self-report, and clinician-administered questionnaires reveal higher reports of nightmares than in average populations ( Table 2 ). Carrion and colleagues utilized a structured interview, the Clinician Administered PTSD Scale for Children and Adolescents (CAPS-CA), to assess posttraumatic symptomatology in a group of youth exposed to interpersonal violence. Sixty-four percent of the sample experienced distressing nightmares that were not only frequent but also intense in nature. 41 Chimienti et al. compared the sleep reports from parents of Lebanese children, ages 3 to 9 years, who had experienced a trauma (n = 312) to reports from parents of children who had not experienced a trauma (n = 727). 42 Thirty-six percent of parents in the trauma-exposed group reported nightmares in their children, which was significantly different from the 23% of parents in the no-trauma group who reported nightmares in their children. Several studies have documented similar rates of nightmares in children after a trauma, 30, 31, 32, 38, 39, 43 with some studies reporting prevalence rates as high as 50% to 80%. 27, 41, 44 Arnberg et al. found that 50% of a group of sixth-grade children (ages 11 to 12 years) who were involved in a serious bus accident reported nightmares 9 months after the accident, compared to only 8% of indirectly affected children (classmates of the children in the crash). 45 Cumulatively, these data strongly indicate high prevalence of nightmares among children exposed to trauma ( Table 2 ). However, it should be noted that use of control groups is rare in these studies.
Some investigators have published their experiences with use of prazosin, clonidine, and guanfacine in individual case studies of children with PTSD, demonstrating modest improvement in sleep assessed subjectively, mostly in reducing nightmares.
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Behavioral treatments form the cornerstone of treatment of pediatric PTSD, yet little work has been done evaluating the impact of such treatments on sleep symptoms specifically. One behavioral treatment, image rehearsal therapy (IRT), a treatment for nightmares with demonstrated effectiveness in adult patients with PTSD, has been modified for treatment in adolescent populations. 51 Krakow et al. adapted IRT for adolescent girls (ages 13-18) sentenced to Wyoming Girls School. They were able to decrease nightmare frequency and subjective distress, though PTSD symptoms and overall sleep complaints did not improve. 51 Together, self-report studies find significantly higher reports of sleep disturbances and nightmares in children and adolescents who were exposed to trauma and/or diagnosed with PTSD than in non-trauma-exposed samples. However, there is considerable variability among these studies in the amount of sleep disturbances reported, ranging from 3% to 77.1%, and in the amount of nightmares reported, ranging from 20.3% to 80.8% ( Table 2) . This variability may reflect the use of unspecific, brief sleep questionnaires and the different study methods used across studies, including different populations examined, differing levels of PTSD severity and diagnosis, nature and duration of trauma, sample size, age, and other cultural and demographic variables.
For example, most studies measure subjective sleep disturbances in children exposed to a trauma. Thus, not all subjects examined have developed or will develop PTSD even if they experience some PTSD symptoms after the trauma. In fact, in some of the studies, only a minority of the sample have diagnosable PTSD. 38, 41, 43, 44, 52 Other studies do not distinguish between disturbance of individuals who have been exposed to a trauma and individuals who have developed PTSD. 32, 39, 42, 45 In addition, the nature, intensity, and duration of the trauma experienced by the populations vary greatly across studies. Some subjects directly experienced a traumatic event, while others were witnesses. Additionally, whether the trauma is an acute event (e.g., lightning strike) or a chronically ongoing trauma (e.g., sexual or physical abuse) could significantly influence the degree and type of sleep dysregulation reported. Studies also varied in the temporal duration between the trauma exposure and the time of the sleep assessment, which may also contribute to variable outcomes.
A significant limitation to these approaches is that the measures used to assess sleep are often designed for clinical assessment of PTSD symptoms and as such, contain only a minimal subset of questions addressing the child's sleep. Many studies examined in this review assess sleep in pediatric PTSD using the CPTSD-RI, 27,30,31,38,52 which is the pediatric version of the PTSD-RI intended to diagnose PTSD in pediatric populations. The CPTSD-RI asks the subject to rate degree of sleep disturbance and nightmares but does not ask more targeted questions about the nature and frequency of these sleep disturbances. Some ask nonspecifically about any sleep disturbance covering the general sleep patterns of the child, while others may be more specifically oriented to circadian tendency, SDB, or insomnia. Even when subjective assessments focus on a specific sleep disorder, they can vary with respect to the type and quality of sleep disturbance they assess. However, subjective sleep measures can be extremely valuable for indicating that the child's sleep is indeed disturbed. While some pediatric studies will simply employ subjective measures of sleep that are validated for adults, 34 e.g., the PSQI, several subjective assessments of pediatric sleep exist. In a recent review, Spruyt and Gozal identified 183 available measures, of which 57 had been psychometrically evaluated to some degree.
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These questionnaires are self-report or parent-report. As pointed out by Spruyt and Gozal, there is little consensus as to which questionnaire is most appropriate to evaluate sleep in pediatric populations. As these measures often focus on a specific sleep disturbance or disorder, it makes comparisons among studies difficult. However, each of these scales can provide information that is useful depending upon the clinical or research setting. 53 Potential subjective specific sleep measures which can enhance the understanding of sleep disorders in pediatric PTSD include the Child Behavior Checklist (CBCL), 54, 55 the Pediatric Sleep Questionnaire (PSQ), 56 the Sleep Disturbance Scale for Children (SDSC), 57 Sleep Disorders Inventory for Students-Child and Adolescent form (SDIS), 58 Childhood Sleep Habit Questionnaire (CSHQ), 59 the Nightmare Frequency Questionnaire (NFQ), 60 the Nightmare Distress Questionnaire (NDQ), 61 and sleep diaries. The CBCL is a parent-report subjective questionnaire that assesses child behavior difficulties and includes certain items on sleep including: "sleeps less than most kids," "sleeps more than most kids during day and/or night," "trouble sleeping," "nightmares," and "talks or walks in sleep." 54, 55 In a sample of 122 youth, ages 7-17 years, with anxiety disorders (19%), major depressive disorder (MDD) (9%), both anxiety and depression (26%), or no history of any psychiatric disorder (46%), Gregory et al. examined how sleep items in the CBCL corresponded to sleep measured via sleep diaries (4-6 days), actigraphy (1 week), and polysomnography (2 consecutive nights). 62 After controlling for age, gender, and diagnostic status, specific items (e.g. being overtired, sleeps less, sleeps more, and trouble sleeping items) correlated well with objective sleep measures of sleep latency and number of arousals. However, some items did not correlate with objective measures; for example, "sleeps more" was not associated with total sleep time (TST) as assessed by objective polysomnography. 62 Overall, the CBCL can be a valuable tool in assessing broad sleep disturbance subjectively. However, similar to the PTSD scales mentioned above, the CBCL ultimately is not designed to thoroughly evaluate sleep, and thus cannot always provide important information on the source of sleep disturbances such as breathing related sleep disorders.
As Spruyt and Gozal 53 point out, 3 well-validated subjective assessments of pediatric sleep include the PSQ, the SDSC, and the SDIS. The PSQ is a 22-item questionnaire, well documented to be a reliable and valid measure for assessing snoring, insomnia, sleepiness, and associated daytime behaviors. It is consid-Review Article ered to be a valuable alternative when polysomnography is not realistically available to measure specific sleep disorders in pediatric populations. 56 Similarly, the SDSC is a 27-item parent questionnaire designed to assess disorders of initiating and main- taining sleep, insomnia, SRBDs, arousal disorders, sleep-wake transition disorders, sleepiness, and sleep hyperhidrosis in children. 57, 63 The SDIS evaluates SDB, excessive sleepiness, PLM, delayed sleep phase syndrome, and narcolepsy. It was designed for children aged 2-18 years, it is a parent-report questionnaire, and it includes computer scoring. 53, 58 However, it was developed to be used as a screening tool to determine which children should be referred to a sleep physician and not for the assessment of sleep disorders per se (although the scale is moderately accurate at determining the specific sleep disorder a subject has).
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The CSHQ is 45-item parent-report subjective questionnaire with 7 components assessing bedtime behavior, sleep onset, sleep duration, anxiety related to sleep, sleep and night waking behavior, SDB, parasomnias, and morning waking and daytime sleepiness. 59 In a community sample of 469 children and 154 children with diagnosed sleep disorders, aged 4-10 years, sensitivity and specificity were 0.80 and 0.72, respectively. 59 The CSHQ has also been employed to examine sleep in children aged 2 to 5.5 years old with autism diagnoses (n = 68), developmental delay (n = 57), and normal development (n = 69).
65
This indicates that the CSHQ can be clinically utilized in even younger populations than children aged 4 to 10 years and in populations with developmental disorders. However, as yet, the CSHQ has not been utilized in pediatric populations of PTSD.
To assess frequency of nightmares and the level of associated daytime distress these nightmares cause, several questionnaires are employed. The Nightmare Frequency Questionnaire (NFQ) consists of 2 brief sections, and was validated in a sample of adults with PTSD who experienced sexual assault. 60 Further, correlations between frequency of nightmares as determined by the NFQ and by prospective nightmare dream logs were highly significant. 60 However, the NFQ has not yet been validated for pediatric populations. While the NFQ measures nightmare frequency, the Nightmare Distress Questionnaire (NDQ) is a 13-item questionnaire that measures the distress individuals experience during the day about their nightmares. It has been employed in pediatric as well as adult samples. 61, 66 One investigation in children aged 5 to 11 years used 3 simple, child-appropriate questions as follows: (1) Have you ever had a nightmare?; (2) How frequently do you experience nightmares?; (3) How scary would you rate the nightmare to be?
67 While these methods have not been psychometrically evaluated in children, they may provide a useful, brief assessment regarding the frequency of nightmares and the subsequent distress associated with the nightmares in pediatric PTSD populations.
Sleep diaries are well documented to be an important means to assess sleep-wake and circadian rhythm patterns, and have been effectively used in pediatric populations, including children with autism spectrum disorders. 68 Yet, in pediatric populations, discrepancies between sleep time scored by actigraphy and sleep time reported in sleep diaries have been identified. 69 The authors suggest that this may occur because actigraphy measurement can overestimate wake after sleep onset time and underestimate total sleep time in pediatric populations. The authors also found that sleep characterization by sleep diary was well correlated with sleepiness and fatigue, but actigraphy recordings were not. 69 Sleep diaries are considered important for the fuller characterization of sleep-wake patterns when employed in conjunction with actigraphy.
Subjective assessments of healthy and traumatized children do not always specify the frequency of sleep disturbances, which can be important for differentiating normal sleep from a clinically significant condition. Also, subjectively assessed sleep disturbances can reflect a broad range of sleep disorders, such as PLM, insomnia, restless leg syndrome, circadian rhythm disturbance, and SDB. 70 Sleep questionnaires do not always provide sufficient information to identify which sleep disorders the subjects may suffer from, although more specific, targeted sleep questionnaires are evolving, such as the Pediatric Restless Legs Syndrome Severity Scale, 71 to better characterize specific sleep disorders in youth. Even the most comprehensive subjective sleep measures cannot fully characterize sleep architecture, or capture the full spectrum of sleep disorders potentially underlying any identified sleep disturbance. However, when objective studies of sleep are not a realistic option-because of funding issues, population dynamics, or large samples in epidemiological studies-specific subjective sleep measures can provide a valuable, valid, and reliable assessment of sleep. As such, subjective measures of pediatric sleep could be used to significantly increase our understanding of sleep in psychiatric disorders in children who are already undergoing clinical assessment. Further, a comprehensive clinical interview in combination with pediatric sleep questionnaires and diaries represents a particularly reliable and valid approach for identifying specific sleep disorders, such as circadian rhythm disorders and insomnia.
Subjective measures and questionnaires also identify a significant problem in pediatric PTSD that needs further examination: namely, children with PTSD report having more sleep disturbances and nightmares than do normal populations of children. Given the methodological limitations of the subjective understanding of pediatric PTSD and sleep, studies employing more specific sleep questionnaires and interviews to assess nightmares and objective measures to assess sleep disturbance would provide a more complete understanding of the sleep dysregulation in pediatric PTSD. To date, however, very few studies have utilized objective measures to record sleep in children with PTSD.
Sleep Disturbances in Pediatric PTSD: Evidence from Objective Measures
Actigraphy and polysomnography are the most common methods of objectively measuring sleep. Actigraphic methods measure sleep-wake activity, which during the night includes TST, sleep onset latency, sleep efficiency, and number of awakenings. Studies using actigraphy in children with psychiatric disorders tend to support the findings of subjective sleep questionnaires. In a sample of 122 children aged 7 to 17 years diagnosed with MDD, an anxiety disorder, or both, those who reported "trouble sleeping" were also more likely to have longer sleep onset latency as recorded by actigraphy. 62 Sadeh et al. performed actigraphic measurements on 39 children (7 to 14 years old) in a psychiatric inpatient unit. The children were divided into 3 groups, those who had experienced physical abuse, sexual abuse, or no abuse. Children who experienced physical abuse had significantly more fragmented sleep than the children who had experienced no abuse or sexual abuse. The physical abuse group had a quiet sleep percentage (the percent of sleep with-out movement) of 58.3%, which was significantly lower than the 67.8% of quiet sleep of the group with no abuse and 67.3% of the sexual abuse group. These results suggest physical abuse may lead to greater fragmentation of sleep and poorer overall sleep quality. Although the authors used actigraphy on 8 children with PTSD, they did not differentiate between those with and without PTSD in their analysis, so no direct relationship between disturbed sleep and childhood PTSD can be inferred.
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Using actigraphy, Glod et al. measured sleep over 3 consecutive nights in a sample of 19 abused children (13 were diagnosed with PTSD), 10 depressed children, and 15 non-abused controls. 73 The children were aged 6 to 12 years. The abused children with PTSD had significantly higher sleep onset latencies compared to both the depressed and the control groups. Further, the nocturnal activity in the group with PTSD and abuse was almost twice that of controls. Although abused children with and without PTSD had significantly more sleep impairments than controls, when the authors compared the abused PTSD and non-PTSD groups, they found more sleep impairments in the non-PTSD group. 73 This suggests that the sleep disturbances observed may be more related to abuse than to the presence of PTSD per se. Still, the sample sizes were quite small in both these studies, 72, 73 and more in-depth, larger studies are required to further address this important issue.
Overall, the extant data from actigraphic investigations of pediatric PTSD suggest that this population experiences increased sleep onset latency, nocturnal activity, and fragmentation of sleep. That said, it remains to be determined which specific aspects of sleep-wake activity, specifically nocturnal activity, are disturbed in children with PTSD, given the limited amount of research using actigraphy to investigate sleep in children with PTSD.
Polysomnography is considered the gold standard for characterizing sleep architecture. It provides measurements of sleep architecture including REM sleep, stages 1 and 2 sleep, slow wave sleep (SWS), REM latency, sleep latency, and sleep efficiency. To date, there are no studies that have specifically employed polysomnography to measure sleep disturbances, disorders, and architecture in children with PTSD. However, several polysomnography studies have been conducted on adults with PTSD. These studies reveal high rates of SDB and PLM in adult PTSD patients-disorders that could help explain the sleep disturbances frequently reported by adults with PTSD. 9, 74, 75 Further, among this population, abnormalities in REM and SWS are frequently observed. Yet, the results of the studies are sometimes inconsistent. A recent meta-analytic review of twenty polysomnographic studies 5 found overall modest differences in sleep in adult patients with PTSD. Adult PTSD patients typically exhibit less SWS, higher REM density, and more stage 1 sleep than do controls. 5, 28 The authors suggest that their findings support previous findings of centrally measured hyperarousal in PTSD patients. 5 The authors also found a significant moderating effect of age, with reduced TST in the younger patients and decreased SWS and REM density in older adults, suggesting different sleep architecture profiles at different stages of the lifespan. These age effects suggest the modest differences observed in the sleep of adults with PTSD cannot be taken as evidence that substantial differences may not exist in the sleep of children with PTSD. Further, the authors were not able to fully disentangle the effects of age and time since the index trauma. 5 Since children likely are closer to the index trauma temporally, by virtue of their age, the effects on sleep and sleep architecture may be more profound.
The meta-analysis also identified comorbid depression as an important moderating factor of the relationship between PTSD and sleep disturbances. Specifically, studies in which adult PTSD patients had lower rates of comorbid depression tended to show greater sleep abnormalities. 5 As such, comorbid psychiatric symptoms may contribute to differences in sleep in patients with PTSD.
Better characterization of sleep in children exposed to trauma may provide further insights into the development of PTSD in adults as well as guidance for areas of potential intervention or prevention. To date, we are aware of no polysomnographic study of pediatric PTSD. Polysomnography studies of healthy populations of children provide a base for comparison. [76] [77] [78] One study by Ohayon et al. examined many studies of control populations of all ages. They found that TST, SWS, and REM latency decreased as age increased for the entire lifespan as well as for childhood through adolescence. Additionally, their meta-analysis revealed that stage 2 sleep percentage slightly increased with age. Across the life span, sleep latency and stage 1 sleep percentage increased with age and sleep efficiency decreased with age, although no significant changes with age were found within childhood and adolescence. Lastly, they found that REM sleep time increased until adolescence and then decreased throughout adult life.
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While there are no polysomnography studies on children with PTSD, Forbes et al. utilized polysomnography to investigate groups of children from 7 to 17 years old: 24 with anxiety disorders, 128 with major depressive disorder, and 101 with no psychiatric disorder. 79 The authors found that the children with anxiety disorders had less SWS, greater sleep onset latency, and more awakenings than the control or major depressive disorder group. While this study examined children with any anxiety disorders and not specifically PTSD, the general trends are consistent with those found in adults with PTSD.
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Longitudinal studies have implicated a connection between childhood sleep problems and future neuropsychological functioning and psychiatric symptomatology, including depression and anxiety. [81] [82] [83] [84] For example, one study found in a sample of 6,000 twins pairs followed at ages 3, 4, and then again at age 7, that sleep disturbance reported at ages 3 and 4 predicted anxiety at age 7.
82 In yet another investigation, the sleep and behavioral/ emotional problems of 499 children were measured by the CBCL. Reported sleep problems at age 4 were predictive of behavioral/ emotional problems in mid adolescence. 83 A bidirectional and interactive relationship between sleep and stress-related psychiatric symptoms and disorders has been proposed. 85, 86 The authors suggest that patterns of sleep disturbance early in life may actually increase vulnerability to the subsequent development of stress-related behavioral and psychiatric disorders, while stressful events and associated symptoms may increase the risk for the development of sleep disturbance and sleep disorders later in life. Indeed, recent empirical evidence suggests that nightmares increase the risk for the development of PTSD. 86 Specific aspects of sleep wake patterns, sleep macroarchitecture, and microarchitecture including sleep spindles may serve as important biomarkers of developmental and psychiatric disorders.
87-90 For example, Buckley et al. found that children with autism spectrum disorder had reduced REM sleep and increased REM latency relative to typically developing children and those with developmental delay, and have begun to consider pharmacological approaches for augmentation of REM in autism spectrum disorder.
91,92 Similar approaches may be valuable for increasing our understanding and treatment of pediatric PTSD.
Polysomnography is required to measure sleep macro and microarchitecture, and as a result, we know little about these features in pediatric PTSD. Further, while a comprehensive clinical interview, combined with sleep questionnaires and sleep diaries, can help diagnose circadian rhythm disorders and insomnia, subsets of the bioparameters measured by polysomnography, such as electroencephalogram (EEG), electrooculogram (EOG), submental electromyogram (EMG), expiratory/inspiratory nasal airway pressure, nasal/oral airflow, finger pulse oximetry, electrocardiogram (ECG), movements of the rib cage and abdomen, snoring, and body position, are integral to the diagnosis of many sleep disorders, including sleep apnea, REM disturbance, and PLMs. Sleep disturbance can reflect very different sleep disorders. Highly effective treatment approaches are available for many of these sleep disorders, not only ameliorating and alleviating the sleep disturbance itself, but also improving daytime functioning. Treatment of sleep complaints in adult PTSD patients has been shown to be effective at reducing symptoms of insomnia and nightmares as well as improving daytime PTSD symptoms. 93 However, most of the current research discussing treatment of pediatric PTSD does not address sleep disturbances, and we are aware of no sleep treatment studies in pediatric PTSD. 94, 95 Indeed, due to a lack of objective sleep measures, we often lack knowledge as to which specific sleep disorders underlie the sleep disturbance observed in youth with PTSD, and as a consequence, appropriate targeted treatments are not always provided.
However, conducting full objective, overnight measures of sleep, such as polysomnography in children with PTSD, has significant challenges. These pediatric patients often have extreme difficulty with novel procedures and strange environments that are typically involved when conducting polysomnography. Techniques, such as systematic desensitization, in which individuals learn to cope and overcome their anxiety regarding a process in a sequence of steps in a hierarchy of increased exposure to the source of the anxiety, eventually leading to overcoming anxiety regarding the procedure or process, may represent a valuable approach to enhancing the ability of children with PTSD to overcome their fear regarding polysomnography assessment.
Conclusion and Future Directions
To date, studies have predominately used subjective questionnaires and interviews to measure sleep disturbance in children with PTSD. These investigations strongly suggest that there are higher rates of sleep disturbance and nightmares in pediatric PTSD populations than in normal pediatric populations. Consistent with subjective reports of sleep disturbance, studies using actigraphy document increased sleep onset latency, nocturnal activity, and sleep fragmentation in pediatric PTSD populations.
The current understanding of sleep disturbances in pediatric PTSD and their connection to development of PTSD over the lifespan is limited and warrants further investigation. Although studies to date have demonstrated sleep disturbance as a fundamental issue in trauma-exposed pediatric populations, the current research into pediatric PTSD and sleep disorders is limited in that (a) almost all measures of sleep in this population are from subjective questionnaires or interviews; (b) these subjective measures often do not provide specific information about the nature, duration, and frequency of sleep disturbances; (c) thus, these measures do not provide sufficient enough information to assess which sleep disturbances trauma-exposed populations are experiencing and if there are abnormal sleep architecture patterns as well; (d) in pediatric PTSD the effect of comorbidity with other psychiatric disorders that are associated with sleep disturbance, such as depression, needs exploration; (e) no studies with large sample sizes have examined the sleep of this population using actigraphy, and none have employed polysomnography, a method that can identify the specific sleep mechanisms disrupted and provide a better understanding of the associated sleep disorders; and (f) the longitudinal implications of sleep disturbance in childhood for PTSD onset across the lifespan have not been investigated.
Future investigations employing full polysomnography are critical for diagnosing the underlying sleep disorders in pediatric PTSD. Actigraphy does provide an objective assessment of activity during the night, providing reasonable estimates of total time in bed and sleep efficiency. However, it does not provide qualitative information on the type of activity nor does it provide many of the bioparameters that are routinely derived from polysomnography and are required for the diagnosis of many sleep disorders. Only full polysomnography provides measures of sleep stage and architecture, using recordings of EEG, EOG, submental EMG, and typically includes expiratory/inspiratory nasal airway pressure, nasal/oral airflow, finger pulse oximetry, ECG, movements of the rib cage and abdomen, snoring, and body position. These measures are integral to the diagnosis of most sleep disorders, including sleep apnea, REM disturbance, and PLMs. Further, as identified by polysomnography, abnormal sleep architecture patterns in pediatric PTSD populations may serve as a critical biomarker for onset of PTSD and other sleep disorders after a trauma.
As a result, a multi-method, longitudinal study examining phenomenology and utilizing polysomnography on children with PTSD would greatly contribute to our current understanding of sleep disorders in pediatric PTSD. Once the specific sleep disorders in pediatric PTSD have been objectively determined, treatment development and outcome studies would be crucial for not only reducing negative symptoms in patients but also for identifying sleep disturbance as a biomarker for development of PTSD. In adults, studies have already demonstrated that sleep disruption does predict severity and onset of PTSD. [6] [7] [8] 11, 12 Treating sleep dysregulation early in life, as well as after a trauma at any age, could have significant implications for reducing risk of PTSD onset both in childhood and across the lifespan.
